To obtain the influence of heat waves on death in the elderly, the influence of the heat waves in Nanjing in the summers (from June to August) of 2005-2008 on death among the elderly was analyzed by using statistical methods including generalized additive models. The results showed that the death toll over these four summers in Nanjing tended to increase; on an average 10.76% more males died than females, and the mortality rate of old people aged ≥65 accounted for 73.21% of all deaths. The mortality rate of older people rose with increasing maximum temperature. Furthermore, the average excess mortality rate caused by heat wave weather processes was 15.91%, while it was less affected by the duration of the heat wave. The death toll of the elderly increased with the increase in humidity, dropping of atmospheric pressure, and decrease of wind speed for 1°C increase of maximum temperature. Under the same humidity condition, atmospheric pressure, and wind speed, the death toll during heat wave days was higher than that occurring on other days, and heat waves increased the risk of death among the elderly by 26.6% (95% CI: 1.100 -1.154). Daily mortality was mainly affected by the daily maximum temperature 1, 4, or 6 days later, particularly 4 days later. Heat wave was one of the principal factors, which caused the rise in death tolls in summer, and the elderly were most affected.
events are occurring with increasing frequency [1] . A heat wave hit Europe and killed approximately 22,000 -45,000 people in 2003 [2] . Particularly in France, the temperature had reached its highest in 50 years, and an excess death toll of approximately 14,800 in 13 cities from August 1 -20 was attributed to the heat wave [3] . Epidemiological studies have found that some particular groups are more easily affected by heat waves due to several potential biological and environmental factors. In particular, the risk of heat stroke is higher among the elderly than in younger people, and the mortality rate dramatically increases with age [4] . By analyzing the heat wave in Memphis in the United States in 1980, it was found that all of the excess mortality occurred in people >60 [5] . Belmi et al. found that in the heat wave in 2003, the mortality rate of old people aged ≥75 accounted for 69% of all deaths [6] . The heat wave caused the death of the elderly possibly because of the increase in body temperature due to problems with the thermoregulation function, leading to heat stroke. Patients with cardiovascular disease, including hypertension, myocardial oxygen consumption increased and kept the cardiovascular system in suspense because of restrained perspiration. Mugginess also caused vasodilatation and sticky blood, paving the way for myocardial and cerebral infarction or cerebral hemorrhage [7] [8] [9] and posed a threat to the health of the elderly. A study recently analyzed the relationship between environmental temperature and deaths caused by coronary heart disease in Beijing [10] ; however, the overall influence of heat waves on deaths in the elderly in China remains to be investigated. In this paper, as an example, the influence of heat waves on death in the elderly was analyzed based on the heat waves in Nanjing in the summers of 2005-2008.
Data and Methods

Research Area
In recent years, the temperature of most of the cities in China has taken on ascending trend, and the Yangtze River Valley has always been prone to develop heat waves during summer [11] . Nanjing has been known as a "furnace", in which the frequency of heat waves is higher and has a significant effect on residents' health. 
Data Collection
Heat Wave
According to the standard of climate temperature classification of the National Meteorological Center of CMA, this is used to monitor temperatures in Nanjing, a day on which the maximum temperature ≥35˚C is classified as "a high temperature day".
There is currently no unified standard for heat waves, and so in this study, heat wave was defined as a maximum daily temperature ≥35˚C extending over at least three days.
Statistical Analysis
The sliding mean method is a method of flatness and filtering in the data processing, enabling filtration of frequently and randomly fluctuating data and the demonstration of smooth variation tendencies. In this paper, the data was processed based on the five-day sliding mean method.
The excess mortality rate is the mortality rate which exceeds a certain critical level.
Initially, the heat waves of each year were identified, and next the death tolls of the elderly day by day during the heat wave were totaled, and the average death toll of the elderly on non-heat wave summer days was regarded as the reference daily average death toll. Hence according to the study by [12] , the excess mortality rate of a heat wave can be defined as
where EM is the excess mortality rate detected during the heat wave; D is the death toll day by day during the heat wave; and DNH is the average death toll on non-heat wave summer days.
In this paper, the mortality data of the resident's day by day represented time series data characterized by lag correlation and confounding factors. A generalized additive model can reduce the lag correlation and flexibly control the confounding factors in the maximum limit of the time-series data by means of nonparametric smoothing. The daily death toll is considered a normal Poisson distribution
where E(Yi) is the expected value of the death toll of the elderly during the heat wave; α is the intercept; S() is the nonparametric smoothing function; df is the freedom of motion; dow is the week dummy variable controlling the day-of-the-week effect; ap is the average pressure on the term day; rh is the average relative humidity on the term day; ws is the average wind speed on the term day; lagj is the daily maximum temperature before the j th day; and when j = 0, it is the maximum temperature on the term day. A generalized additive model could be built by using the meteorological data and the time series of the death of the elderly during the summer from [2005] [2006] [2007] [2008] . Based on the control of the day-of-the-week effect, meteorological factors such as temperature, humidity, pressure, and wind speed were considered in the model.
To clarify the mortality risk of the elderly during the heat wave, the daily relative risk (RR) of the death of the elderly was calculated, including 95% confidence intervals (CI);
hence,
where β is the regression coefficient; SE is the standard deviation; and IQR is the inter-quartile range [13] .
Results
Evolutionary Characteristics of Population
As saw in Table 1 , the total population and the mortality rate of Nanjing increased by year. At the same time, the proportion of males was higher than that of females, and the gap between them was reduced year by year. 
Analysis of Mortality Characteristics in Summer
Mortality characteristics pertaining to the summers from 2005 to 2008 in Nanjing are given in Table 2 . The male mortality rate was higher than that of females, and the number of fatalities among males was 10.76% higher than saw in the female population on average. The biggest gap was 11.94% in 2007 and the smallest was 10.64% in 2008.
Meanwhile, the mortality of the elderly >64 years old was 73.21% which was much more than the others while that of under 15 years old and 15 -64 years old were 1.23%
and 25.42%, respectively. Thus, the elderly (≥65 years old) were chosen as study objects in our research of effects of heat waves on mortality.
Maximum Temperature and Mortality in the Elderly
As showed in Figure 1 , the variation in the mortality trend among the elderly was comparable to that of the general maximum temperature. The higher the maximum temperature was, the higher the daily mortality could be. The mortality tended to rise to a maximum as the maximum temperature also peaked. However, sometimes mortality among the elderly was seen to keep rising even when the temperature dropped dramatically after reaching its maximum, exemplified by August 13 -23, 2005 and July 29-August 13, 2007. This phenomenon should be subject to further analysis. 
Excess Mortality
As showed in Table 4 shows temperatures, relative humidity, and mortality in the elderly in the summers of 2005-2008 in Nanjing. As saw in the table, the standard deviations of relative humidity and deaths were larger than those of the temperature values, while the standard deviations of relative humidity and deaths on heat wave days were larger than the ones of non-heat wave days. It turned out that the undulation and changes in relative humidity and deaths on heat wave days were larger than on non-heat days. The minimum relative humidity on heat wave days was 15% and the maximum was 99%, while the minimum of deaths was 19 and the maximum was 53. It was clear that with temperature and relative humidity increasing. The mortality of the elderly tended to rise, especially on heat wave days.
Comprehensive Analysis of the Impact of Meteorological Elements on Mortality in the Elderly
Pressure, wind speed, and deaths in the elderly over the summers of 2005-2008 in Nanjing are shown in Table 5 . The figures indicated that the standard deviations of pressure and wind speed were small. Meanwhile, they were smaller on heat wave days compared with non-heat wave days. The maximum pressure was 1011.6 hPa and the minimum was 993.1 hPa, while the maximum and minimum wind speed was 11.8 m/s and 0 m/s respectively. Variations in both pressure and wind speed were small. Compared with the data on temperature and relative humidity in Table 4 , the variation of pressure and wind speed could cause great changes in mortality. In other words, with a decrease in pressure and wind speed, the death toll among the elderly would increase significantly, especially on heat wave days.
The results of the generalized additive model (GAM) expressed as pressure, relative humidity, and wind speed during heat waves had great effects on mortality in the elderly as showed in Table 6 . The same temperature, pressure and relative humidity could cause similar variations of elderly deaths which were bigger than wind speed.
Every 1˚C rise in the maximum temperature resulted in an increased mortality risk caused by pressure, relative humidity, wind speed, and the combined action of all three factors by 11.3% (95% CI: 1.016 -1.098), 95% (95% CI: 1.009 -1.037), 7.7% (95% CI:
0.993 -1.038), and 26.6% (95% CI: 1.100 -1.154). By analyzing results included in Table 4, Table 5 , and Table 6 , we could predict that with the temperature rising, the mortality risk among the elderly would increase significantly when pressure and wind speed was low and relative humidity was high.
A lag effect model, used by Ekamper [14] , was employed to study the lag effects of the maximum temperature of heat waves on mortality among the elderly, and as shown in Table 7 , results indicated that lags of 4 days, 1 day, and 6 days had greater influences on deaths than the others, whose regression coefficient β were 0.3072, 0.2984, and 0.2564, respectively. It was clear that there were lags existing in the influence of heat waves on deaths, which were from 1 -6 days in general. 
Conclusion and Discussion
Nanjing, one of China's "three furnaces", is a city with frequent heat waves, which may be an important factor in increased mortality of residents during the summer. Elderly men appear to constitute a particularly vulnerable population with a higher risk of death during heat waves [15] . The mortality of people >65 years old accounted for 73.2% of total mortality, with males having a higher mortality than females. The mortality of the elderly was between 3.9% and 30.7%, while the mean mortality was 15.91% during heat waves. In the meantime, we found that the duration of heat waves had less effect on excess mortality.
The GAM was derived from a generalized linear model. It could be used for summarizing different types of functions. As a time-series datum, daily mortality is a small probability the distribution of which is generally similar to a Poisson distribution. This research built a GAM to study the effects of heat waves on mortality of elderly men considering pressure, relative humidity, wind speed, and air temperature. In the GAM, the daily mortality of the elderly in Nanjing was a dependent variable. The results
showed that the death risk of the elderly increased as the temperature rose, when pressure and wind speed were low, and when the relative humidity was high. In the meantime, the results of the lag model indicated that there were lags in the effects of heat waves on mortality, and the lags could be 1 day, 4 days, and 6 days, while the most obvious one was 4 days. The lags could be caused by responding and adapting to environmental change because of the decline in organ function and interior adjustment ability of the elderly according to Xu's study [16] . Therefore, the impact of heat waves on the elderly should not be overlooked. For application of this study, hygiene departments should further strengthen public health services for the elderly, while meteorology departments should further enhance surveillance of heat waves to the benefit of the public.
The study results also had limitations. The daily mortality of the elderly was affected by many factors besides temperature, such as the change in the characteristics of populations, medical conditions, the change of healthy behavior, and other individual factors. These confounding factors were not taken into account in the model because of the lack of data. More impact factors should be subject to analysis with a view to identify the causes underlying the increased mortality among the elderly during heat waves in the future.
